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A ROTOR TRCHNOLOGY ASSRRSMENT OF THE ADVANCING BLADE CONCRPT
William A, Dloanants

U.8. Army Appllied Technology Laboratory (AVRADCOM), Ames Rescarch Contor

SUMMARY

A rvotor technology assosamont of the Advancing Blade Concept (ARC) was conducted
in support of a proliminary dosign study., The analytical methodology modifications
and inputs, the corrolation, and the results of the assessmont are documonted. The
primary omphasls was on the high-speed forward flight porformance of the rotor. The
correlation data base included both the wind tunnel and the flight test results. An
advancoed ARC rotor design was examined; the suftability of the ABC for a particular
mingion was not considered. The objective of this technology assessment was to pro-
vide estimates of the performance potential of an advanced ARC rotor designed for
high specd forward flight,

INTRODUCTION

A rotor technology assessment of the Advancing Blade Condept (ABC) was conductoed
in support of the Advanced Joint Vertical Adrceraft (JVX) preliminary design effort.
This report documents the analytical methodology modifications and input, the corre-
lation, and the results of this technology assessment.  The primary emphasis in this
effort was the performance of the rotor in the high-speed forward flight vegion., The
analytical methodology of references 1 and 2 was used for forward tlight performance
pradictions. A limi{ted hover analysis was made using the methodology of reference 3.
The correlation data base fncluded both the wind tuunel and the flight test data.

The advanced ABC rotor design was based on previous work by Sikorsky Aireraft, and

it was assumed that structural problems which Limited the ABC Technology Demonstrator
would not lmpact the performance of the advanced design.  The objective of this teche-
nology assessment {8 to provide an estimate of the porformance potential of an
advancad ABC rotor desipgned for the high-speed flight using the boest analysis method
available.  The suitability of the ABC for the JVX or other missions, and/or optimum
overall system configuration for a given mission is outside the scope of this study.

The ABC technology demonstrator alveraft (refs. 4 and 5) has demonstrated a
gignifleant number of both accomplishmonts and shortcomings. It has proven the basic
concept of developing Lift primarily on the advancing blades of a rotor system to
fmprove the rotor system 1i0ft potential, The ability of the ABC rotor to mailntain
afr speed at altitude was also demonstrated,  The inability to slow the ABC demon-
strator votor due to trim and rotor hub stress problems prevented (1t from mecoting its
full spead potential,  Limtted level flight performance data for the domomstrator
are avaflable In reterepce 4 up to a speed of about 230 knots, although these data
wore not at the destred advance ratto () and advancing tip Mach vumber (Mp).  The
wind=tunnel test of reforence 6 provides some data at the hipgh advance ratio condi-
tiona, but has tip Mach numbers stgniftecantly lower than would be encountered in
fiight,  Thevetore, for an advanced rotor, {t was neceossary to caleulate the effect
of ditterent operating condittons (p and MT). an well es the offects of plantorm,
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twint, tapor and airfolls. The basie approach taken was te correlate sith the
axtating £light and wind tunnel tost data and then to prodict tho porformance of o
given advancod design,  Sigaificant limitations ware cncountered wich all of the
axtating data which roducod confidoncd in both thoe oxporimoetital and the analytical
ronults,  The parformanco incroments wora caleulatad for tho primary dosign variablos
(oporat ing conditions, twist, atrfolls, ote.).

Analytical Mothodology

The comprehensive holicopter analysis of referonce 2 was modified to troat the
ABC rotor. 1In the modified code, the ABC replaces the tandem rotor configuration.
The program modifications were not exteonsive and were required for only three sub-
routines which are given in appendix A.  The ABC control laws given in reforences 4
and 5 may be represented in the analysis by redefinition of input quantitics as shown
tn Appendix B, The modified analysis is restricted in trim options to the froe=-
flight trim cases (sce ref. 2, volume 2, page 37). The major advantage of the analy-
sis 1s its ablility to model the coaxial rotor rcalistically and thus allow computa-=
tion of the rotor-rotor interferenhce. Previous analysis of the ABC rotor was
based on a single rotor analysis which represented the ABC rotor as a single rotor
with all blades in ohe plane and trimmed with a 1ift offsot. The present analysis is
sapable of ropresenting two rotors in cloge proximity with full wake interaction,
The rotor-rotor interforence caused significant shifts in the rotor angle of attack
ag shown in figure 1. Calculated rotor lift-to-drag ratio (L/DQ) for the uniform
inflow portion of the analysis was significantly more optimistic than the nonuniform
fnflow results. Comparison for the advanced design of nonuniform and uniform inflow
results with the results of references 7 and 8 are shown later in this paper.

CORRELATLON

Rotor Configuration

Three ABU rotor contigurations were considered in making the ABC technology pro-
Jections. (The ABC flight test is described in refs. 4 and 5. The carlier ABC wind
tumel test data are presented in ref. 6.) Due to the limited time available, the
IMX rotor design of references 7 and 8 was selected as the basic configuration fot
an advanced ABC design.  The design goals and the operating conditions for the JVX
votor were nearly identical to the HMX rotor, and significant changes in the perfor-
mance tronds due to major rotor design variables (twist, taper, airfoils) were not
expected,  The chord, the thicknesses, and the twist distributions of the threc
rotors used in making the technology projections are shown in figure 2 with addi-
tional characteristics given in table 1. The airfoil data used in analysis of the
rotors were proprictary to Sikorsky Alrcraft, but are deseribed in general terms in
relference 7. With the exception of the atrfoil data, the faput required by the
computer analysis {s tully provided by the block data routines listed in Appendix C.

ABC Flight Test

The correlation oftorts with the ABC demonstrator afreraft reflect the limita-
tions of the currently avatlable data,  No dedlcated performance testing was con-
ducted for the ABC demonstrator in the auxtliary propulsfon mode. The high-speed
pertormanee and the trim data (see tigs, 136 and 147 of ref, 4) eoxhibit signiticant
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KO scattar due to the variation in the control trim positions (A}, Bi, Af¢, ), the
P callective position, and the rotor speed, The variations in Airc%aft attitude and,
S hence fuselage 1ift and drag, furcher complicate correlation., The limitatlions on

. the avallable airfoil data and the ability of the analysis to tepreasent the alrfoll
distribution as reflectad in table 1 were additional causes for concern.,

The lift and drag charactoristice for the ABC domonstrator are avallable in
roforencas 9 and 10, The drag data for the ABC demonstrator and the rolated hudb
drag scaling relations are prosented in Appendix D. The fuselagoe aerodynamics char-
actaoristics contained in thao block data routinc for the ABC were taken from rofer-
ence 9, The moasurements of auxiliary thrust, combined with the wind tunnel meagurc-
gegt of aircraft drag, indicatc a rotor drag cquivalent to about 1.16m? (12.5 £t2) at
. 30 knots.,

Figure 3 compares the rotor flight test performatice with the calculated rcsaults.
The trim attitude 18 compared in figure 4. The flight test data are presented as a
crosshatched region to indicate the uncertainty in the data. The calculdted trim
attitude (and to a lesser extent L/Dg) is influenced by the estimated rotor drag.
For the analysis, the differential longitudinal and lateral control angles were
fixed at 0° to 2°, respectively, and the phase angle was fixed at 40°, The analysis
was set to conduct a 6-degree-of-freedomt trim to determine the collective, the dif-
ferential collective, the longitudinal and lateral cyclic, the pitch attitude, and ,
the roll attitude. The correlation with the flight test could have been imptoved in
the 160=- to 210-knot region with additional refinement of the estimate of the rotor
drag. Due to the large uncertainty in rotor drag estimates and the limited time
available, this additional effort was not considered worthwhile at the present time.

The 1ift offset for the flight test data is compared to the calculated values in
figure 5. The large variations in the calculated 1ift offset at a given advance
ratio are due to the significantly varying trim conditions obtained when investigat-
ing the effects of the auxiliary propulsive force and pitch attitude. The low values
of the 1ift offset at high advance ratio appear to be due in large part to the trim
condition calculated. At u = 0,6 and lift offset %x/R = 0,106, the collective pitch
was approximately 6,5 = -1°. The reduction in the lift offset with reduced 695
appears consistent with the Sikorsky aircraft trends shown in figure 5.

e e el

ABC Wind Tunnel Test

i i ottt e ol

The wind tunnel test of reference 6 was used to gain insight into the ability of
the analysis to predict the effects of high advance ratio and to calculate the lift
offset. As can be seen in table 1, the combination of flight and wind tunnel test
data still falls short of covering the advance ratios and the tip Mach number desired
for the advanced design. The wind tunnel test data does provide a wide range of 1y,
CL/o. Bi, a and CD/o conditions.

P A

s’

Table 1 shows the airfoil sections used in representing this rotor. A consider-
able difference exists between the actual airfoil distribution and that used in cal-
culation, but it was thought that general trends would not be greatly affected. A
3-degree-of-freedom trim was used to trim input /o and Cp/o. Trim to a given
ghaft angle was forced through input of a large value of fuselage M,/q. The rotor
control settings for Ai, A8, and T were not recorded in reference 6 and were

taken to be zero. j
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Figures 6 to 8 present the exporimental data for rotor L/De and the correla=-
tion obtained, Predicted L/Dg's at 0.47 and 0,91 were somewhat optimistic compared
to teat data. At an advance ratio of 0.7, the predicted L/Dg was significantly
worse than the test., A detailed investigatlon of the results indicated significant
atall, and the validity of the computational results for this case was open to
question, The use of uniform versus nonuniform inflow or of dynamic stall models did
not affaoct the basic result at 0.7 advance ratio.

The 1ift offsat data from the wind tunnel test were of particular interest as
the rotor shaft angle, the lift, and the thrust werc well defined. Possible varia-
tions in these quantities for the flight test data caused considerable scatter in
the calcalated results. Figures 9 to 1l present the 1lift offset data for both
theory and experiment., The analysis significantly underyredicted the magnitude of
the 11ft offsct for all cases. The differences in theory and experiment are miti-
gated, in part, by the approximations made in input to the analysis for this config-
uration. Also, note the trend for decreasing effectiveness in Bi for reducing
the 1lift offset as advance ratlo increases.

ABC Advanced Design

As stated earlier, the advanced ABC configuration was based heavily on the
results of references 7 and 8., These references indicate that very large improve-
ments in rotor L/D, are possible as compared to those demonstrated by the flight
test program. The performance estimates for the advanced design which follows are
based on both the demonstrated capability achieved in flight test, and on assutted
solutions to problems encountered by the demonstrated aircraft.

The general requirements for the advanced design were that it have a maximunm
speed capability of 250 knots at altitudes up to 3000 m (10,000 ft.), with hover
performance at the design point approximately equal to the flight test aircraft.
The overall trends of the maximum blade loading and the flight envelope would be
similar to those shown for the demonstrator aircraft (see figs. 3 and 6 of ref. 5).
The advanced rotor cruise Cp/c was chosen to fall within the capability demon-
strated by the ABC aircraft flight test. The rotor does not have the capability to
hold performance up to the 7,500-9,000 m range desired for some JVX missions. A
significantly increased rotor solidity or the addition of a wing would be required
to meet the higher altitude cases.

A large portion of the predicted performance improvement of the new ABC design
is due to the more optimum operating conditions. A typical difference in blade
loading, pitch attitude and tip Mach number between the demonstrator aircraft rotor
and the advanced rotor are shown in figure 12. To meet these operating conditions,
it is necessary to significantly reduce the rotor RPM. The rotor hub and aircraft
stress problems prevented the ABC demonstrator aircraft from operating at the desifred
conditions. The improved structural design and revised aircraft trim offer one means
of controlling the rotor RPM. Direct linking of the rotor and the auxiliary propul-
sion drive system offers another approach. For the purposes of this study, it was
simply assumed that an adequate mechanism for RPM control would be available. The
airfoils were selected to allow operation at tip Mach numbers up to 0.85. The
advance ratio ranged from about 0.47 at maximum range speed to about 0.85 at maximum
cruise speed., The specific values are, of course, dependent on the given design
and mission requirements.
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Tha computer analysis was fun in two modes. The initial runs wore made using
the ABC domonstrator alrframe aerodynamics and a full 6-degree~of-frecdom trim, This
raaultod in the trim ateitude (0° to 1°) shown in figure 12. The fuselage acrodynam-
{cs were also modified to foreco the rotor to trim at a giveu attitude, as was dond
in tho wind tunnel cofrelation. In both cases, tho difforential cyclic and phase
angld were idontical to that used for the ABC demonstrator aircraft corralation. The
auxiliary thrust was chosen to put the rotor at or near autorotation. Tho final
rosults shown are for the nonuniform inflow case, although some uniform inflow
results arc shown for comparison with the data of reforences 7 and 8.

The rosults of the performance calculations presented in figurcs 13-16 ganerally
subgtantiata that greatly improved performance is obtainable for the ABC although
the present cstimates are not as great as those in references 7 and 8., Figures 13
and 14 summarize the rotor performance calculations. The calculated improvement in
L/Dg between the ABC demonstrator rotor and the JVX advanced rotor design is due
about equally to optimum operating conditions, planform, and twist improvements. The
rotor-rotor interference as indicated by the difference between uniform and nonuni-
form inflow calculations showed a significant impact for all cases investigated. The
rotor L/D,'s for several advanced ratios expected to be typical of JVX missions are
shown in figure 15. Note that the design Cp/c has been chosen to provide maximum
L/De at normal cruise conditions, and failure to trim the rotor at the design RPM
could significantly reduce rotor L/D,. Also note that L/Dg peaks much gooner for
the advanced design compared to the demonstrator. This is expected as the outer 50%
of the advanced blade uses an airfoil section with significantly lower maximum 1lift
capability than the demonstrator.

The rotor twist, particularly in the tip region, has been significantly reduced
for improved high speed performance. The ABC demonstrator flight test results and
subsequent calculations indicate significant regions of negative 1lift on the rotor
at high speed. The twist selected generally eliminated these regions. The addi-
tional reductions in twist had no benefit in forward flight as shown in figure 16,
and would have an adverse impact on hover performance.

The determination of the lift offset has a strong impact on the structural
design of the ABC rotor. For the purposes of the JVX preliminary design studies
which this “ort supported, a lift offset of 32% was assumed. The present inves-
tigation was iimited to the determination of the 1ift offset for a limited number of
cases typical of the expected operating conditions. The differential lateral cyclic
was held fixed at the same value (2°) used for the ABC flight test correlation.
Figure 17 shows the calculated lift offset at shaft angles of 0° and 4°. In this
case, the rotor L/D, was not significantly affected by the modified trim condition
although the lift offsct was strongly affected. This general trend is in agreement
with the wind tunnel test data presented earlier. The impact of increased B! was
not calculated although it would also reduce the lift offset. Although the carlier
correlation presented indicated that the analysis tended to underpredict the 1lift
offset, the combination of trim attitude and increased Bi should provide an
adequate margin to keep the flight 1ift offset at or below the assumed design valuc
of 0.32.

Hover Performance
The hover performance of an ABC rotor for the JVX missions was viewed as less

fmportant than the high speed cruise performance. The airfoils and twist were
solected for cruise performance., The very limited data available for corrclation in
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hovér, and tha lesser importance of hover in thia design study, dictated a aimpler
analytical approach for hover performance, Hover performance caleculations for the
S81korsky CCHAP code may be extracted from roeferonce 7. This code is deseribod
briefly in vefarence 11, Additional cdlculations wore made using the Boll A7906 coda
describad in reforence 3. Both of the analysis mothods arc limitod to modaling the
ABC rotor as a singlo rotor with the same numhor of blades in-plane. The analytical
rosults for imolated rotor porformance arc prosonted in figurcs 18-20, Reforence 7
advancaes a number of roasons for difforonces botwoen those models and the oxperimen=

tal rosults, PFigurc 18 shows that both of the analysis methods arc more poassimistic
than the cxporimontal results,

Howaver, the application of a corroction factor such as that developed in
reference 7 should be viewed with a good deal of skepticism as the differcnces
between measured and calculated values are well within a recasonable accuracy limit
(3% in power) for both of the analysis methods. The experience with the A7906
code indicates that the magnitude and direction of errors are not consistent from
one configuration to another, and that applying a correction factor based on oné

configuration to a significantly differont configuration may easily result in an
increased error.

The calculated performance of the advanced ABC rotor is shown in figure 19.
The CCHAP results shown do not include the ABC correction factor of reference 7.
The differences between the two methods are not viewed as significant. This result
is compared with the ABC demonstrator rotor figure of merit in figure 20. Also
shown, for the purpose of comparison, is the estimated performance taken from
reference 7. This estimate does include the correction factor of reference 7
(0.5-2%). Note that both of the estimates show the impact of the reduced 1lift cap-
ability of the outboard airfoils at high values of Cp/o.

CONCLUSIONS AND RECOMMENDATIONS

1, Significant improvements in rotor L/D, are possible for the ABC in high
speaed forward flight. These changes are due both to changes in operating conditions
and trim, and to changes in rotor aerodynamic design (airfoils, twist, and planform).

2. The optimum trade of rotor performance, lift offset, and aircraft trim have
not buen identified. This effort should be accomplished prior to development of néw
ABC hardware,

3. Rotor RPM control and high rotor stress are problems that werc not resolved
by the XH-59A flight test, although solutions have been proposed. Additional effort
is required to reduce the overall risk of an advanced ABC design. It would be desir-
able to conduct additional flight tests with a controllable elevator to investigate
effocts of reduced rotor stress (rotor pltching moment)., Also, further analytical
studics and wind tunnel tests will be required to support either modification of the
demonstrator aircraft or development of a new design, To demonstrate the full poten=-
tial of future ABC designs, a new rotor und an integrated propulsion system which
powers both rotors and auxiliary propulsion devices to the ABC demonstrator would be
necessary.,

4, The present forward-flight analysis offers a step forward in rcalistic
modeling of the ABC rotor. Additional modifications to the code to improve the
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PROGRAM MODTFICATIONA

This appondix dosertboa the modifications to tho computor code that were noce
oraary to analyzo a coaxtal helicoptor conflpuration, such an tho ABC atreraft. The
computar program 4o doserdbed in voforonce 2. A tomporvary chango was mado in which
the tandom holleoprer modol (fdontifiod by tho parametor CONFIG » 2) was used as o

Tho only changos required woere to incorporate the control systom matrix

Tapy dofined in Appendix B, and to make appropriate modifications to the print of
the input parameters.  The apecific program modiflcations made are as follows,

SUBROUTINE PRNTY

1)

2)

1)

(a)
(h)

In format statement 998, change TANDEM to COAXIAL.
Delete line number 148 (second line after statement 18):

IF (CONFIG .EQ. 2) €O TO 21

SUBROUTINE PRNTC

(a)

In format statement 935, change TANDEM to COANIAL.

SUBROUTINE INITB

(@)

(b)

Delete line number 183 (sccond line after statement 20):
IF (CONFIG .EQ. 2) GO TO 5
Two lines before statement 5, between line number 196
TCFE(4,4)=-R*KPCFE
and line number 197:
GO TO 4
Ingert the following statoments:
IF (CONFIG NE. 2) ¢O T0 4
TCFE(4,4)=0,
TCFE(1,4)=R*KPCYE
R=l,
LF (ROTATY JNE. 1) Re-l,
TCFE (44 1) =KACFE

TCFE(S () ==R*¥KCCFE*CST

daedouienss




TCFE (5,3)=~KACFEVENE
TCFE(6,2)=RWKCCFEYSNC
TCFE(6,3)==K8CFENCES
TCFE (4 44)=RWKPCFF
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ABC CONTROL LAWS

This appondix presonts the ABC control laws, XH~59A eontrol rigging, and thae
roproaentation of tho ABC control laws in the analyals mothod used for the ABC, Tho
ABC control variables usod in roforonces 4=6 arc defined im table 2. Tho control
vigging usod for tho flight tost of roforoncos 4 and 5 is shown in figure 21 (for

auxiliary propulation mode, mid c¢olloctivae,

In order to ropresent the ABC control la
fications, it 18 necussary to rodefine some of the control inputs of reference 2.

The presont analytical model for a coaxial rotor glives:

8¢ 89
§
91c 0 f1c
$
018 ¢ O19
u T s u
8o - 8 8¢
§
B1c p B1c
018 1 Gt e18 L
! 2
where
6 = 6p + 81c cos ¢ + 018 8in ¢
and -
ko 0 0 ﬂ]_kp 0
0 -Qlkc cos ch -ks sin Aws 0 0
0 -k, sin &y, =k, cos Ay, O O
k_ 0 0 fgk 0
0 -ﬂzkc cos ch -ks sin Aws 0 0
(Tere) coaxtal =] © -2k, sin Ay, =k, cos &y, O 0
kf 0 0 0 0
0 0 kc 0 0
0 -k 0 0 0
a
0 0 0 kr 0
&, 0 0 0 1

10

and phaso anglo T = 40 dog).

ws with a minimum numbor of codc modi-
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(Ry = 1 for uppor rotor, ar' Az = -1 fer lower votorj aubseript U vefera to the
upper rotor and auhseript L vefars to the lower rotor), FRxpanding the equation
for 0 gilvas

O, ™ koo + k8 =k con(y = AV ), -k, Ala(e + Ab )8

+ (00" + G‘QL cos ¥ + 9”‘1. sin w)z
and
Oy ® kobp = kpsp + k(‘. coa(y = ch)ﬁe - ka cin(y + &WB)Su
+ (Oou + GlLu cos | + O\QU sin W)z
These equations are oquivalont to the represcntation of the ABC control laws if

the terms are defined as shown in table 3. Also shuwn are the corresponding
computeor code input names.
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ANALYSTS INPUT DATA

ﬁ Thia appendix providos the complato dnput data uned to modol the ABC alrvcraft.
* The vartabloo are defined tn reforvence 2, Tho following liscings are prosonteds

L) The bloek data voutines for the XH-59A ABC demonstrator aireraft,

(a)  The teim/aleframe block data,

S (b) The rotor #1 (uppor rotor) block data.  The rotor #2 (lowur votor) iunput
T {8 Ldontical to that Cor rotor #1, oxcopt for a change in the direction
: of rotatdon (ROTATE = 1), and appropriate changos to tha TITLE and TYPE
L parametors,

; ) The namel {st input roquirad to analyze an advancad ABC helicoptoer for JVX,
- rolative to the XH=59A block data as a bascline.

1) The namelist tnput required to analyze the ABC rotor used in the wind tumel
test, relative to the XH=59A block data as a baseline.
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1 KFCCFEs KRCCFE oKF SCFE JKRSCFE JKFPCFE yKRPCFE JKFCFE (KTCFEIKALFEIRELFE= 3
ACEE sKPMC 1 KPMS L KPMC2 o KPMS2 . '
2 AMON 7 BADAT AZLFTAN, IWB o LFTOW¢LF TF Wy DRGOW ¢ DRG VW4 DRGTH URGUW, DRGFU-
1  AMAXN sMOMOMW ¢ MUMAW, MOMDMW ¢ MOMFW ¢ STDEB STDEP ¢ SIDER JRULLB yRULLP s RULLK =
— "_._Z;RQLLAgYA!ﬂ;JA!Ex!AﬁB;XAWAgLgTAﬁ,LFTEHoAQAXHolHToLFTAVgLfIRVoAMﬁxv-
3, IVToFETAIL JLHTATL HVTATL,OPTINT
INTFGER OPTINT
h~*,WNNBEAL_LEIAﬂtl!Q;LEIQ!gLEIFN|M0MQﬂLﬂOHAHvMUMDH.MOMFN'LFTAHQLFtEdoAHI-
1, LETAV LETRV,IVT,LHTAIL
LOMMON #ENDATA/ENGPOS y THRTLC » TENG 4 KMAST 1o KMAST 24 KICS (KENG KPLIVE oK
_“m-ﬂmﬁlpgnyxlspsovz.nxngys,xtsoy;,&lgnvz'Ilggyggxtoov1.Ilsovzglzggzﬁxlgkgzﬁﬂ
2V1+T2GOV2 ¢GSE 4GS T KEDAMP 4
INTEGER ENGPOS |
o - REAL 1ENG<KMASTL 1 KMAST24KICSoKENGs KPGOVE (KPGUVL KPGOV2oR1GUVE 1 RIGU= ‘
1V1 4K1GOV2 ,KEDAMP
COMMON ZLADATA/MVIB FSVIB(10) yWLVIB(10) ¢BLVIBL10) «ZET1(34100s
hmww._“l.1EIZL§;191:1E73131\911,157913:19!|M151513919)!w£§I§l33!Q£!W” e
2 ZETT(3,10), ZETBI3,410), ZET9L3,10), ZET10(3,10) R

c
. _ DATA TITLE/BQHARC HELICOPTER f-"§?59mw”ﬁ__“w,"_.Mwmmm“, S

A
ODATA CODE /4HPERF /
DATA ANTYPE / O 0 o/ -

AT el me
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ORIGINAL PAGE 18
OF POOR QUALITY

DATA ﬂg§§§?{ogsug;stx}s&o.awd.1.2100/
o ___DATA_OPUNIT s NROTOR /1y 3/

DATA ALTMSL o TEMP / 0,0000000, O.5900000E 02/ !
DATA OPGRND / 0/
_DATA_HAGL / 0. 0000000/
DATA OPENGN / 07
DATA AFLAP / 040000000/
DATA_MPSI 1240
DATA DENSE / 042377999E-027
DATA OPDENS 7/ 1/
— _ __DATA COLL ¢ LATCYE /7 0.6939998E 01, 0.000000¢/
DATA LNGCYC o PEDAL / 0.2529999E Ol 0, 000000,/
DATA APITCH ., AROLL / 0.0000000 00000000/
— DATA ACLIMB o AYAW / 0.0000000, 0.0000000/
DATA RTURN 7 0, 00000007
DATA MPSIR o MREV !/ 26, 1/ ,
DATA_ITERM 7 20/ _ {
DATA EPMOTN / Oe2000000E-017
DATA ITERC / 20/
DATA EPCIRC 7/ 0.9999999E-03/
DATA DOFDOFT/2%1,14%0,2¢1,36%0,2%142%0,2%142%07
DATA LEVEL / 1, 1/
DATA ITERU o ITERR / e 1/
DATA I1TERF , NPRNTT / 0y 1/
DATA NPRNTP o NPRNTL 7/ 1y 1/ ‘
DATA CXTRIM o XTRIM / 0.0000000, 040000000/ ;
DATA CTTRIM , CPTRIM / 0,00000004 0,0000000/
DATA CYTRIM o BCTRIM ¢/ 0.0000000, 040000000/
. __DATA BSTRIM 7/ 00000000/
DATA MTRIM o MTRIMD / 20, 20/ |
DATA DELTA , FACTOR / 0.,1000000E 01, 0.2999999E 00/ i
DATA EPTRIM 7/ 0,9999998E=-02/ P
DATA OPGOVT o OPTRIM / 0, s/ i ~
DATA MHARM /7 &, &/ |
DATA MHARME ¢/ 0, 0/ 5
C .
DATA TITLB/80HABC TECHNOLOGY DEMO?STRATOR AIRERAME
_A - : A
DATA WEIGHT , 1XX / 0.1330000E 05, Os1400000€ 05/ ,
DATA 1YY v 122 / 0.1200000€ 06, 0.1100000E 06/ ;
DATA_LXY . 122 / 0,0000000 040000000/ g
DATA 1Y2 v TRATIO / 0,0000000, O¢1000000€ 01/ L
DATA CONFIG / 2/ T
—— ... DATA_ASHAET /7 000000004 040000000/ .

14
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F POOR QUALITY

i A A AL B

DATA AFINT 4 £sq 00009000, 5848889990/ & 1000000/
+ 0000000, 0,7499997¢ 01/

DATA FSR2 s BLR2 / 0.,0000000, 0.0000000/
DATA WLR2 v FSWD / 0.4999998¢ 01, 040000000/

TA _BLWE ¢ NLWB / 000009000' 0.0000000/

DATA FSHT v BLHT / 0,2100000€ 02, 0.0000000/
DATA WLHT o FSVY / 040000000, 040000000/
DATA_BLVT ¢ WLVT / 0.0000000, 0.0000000/
DATA FSOFF 4 BLOFF / 0. 0000000, 0,0000000/
DATA WLOFE , FSCG / 0.00000004 0.0000000/
DATA_BLCG NLCG / 040000000, 0.0000000/
OATA HMAST o DPASI2Y 7/ 0.0000000, o.%odooaﬁl
DATA CANTHY 4 CANTVY ; 0.0000000, 040000000/

_— DATA_KQCFE ¢ KCCFE 0+1000000E 01, o.looooogg 01/
DATA KSCFE + KPCFE / 0.1000000€ Ol, O.1000000¢ 01/

DATA PCCFE + PSCFE / 0.5000000€ 02,-0.5000000€ 02/

A PPCE KFOCFE 0.0000000. 0. 1000000E 01/

DATA KROCFE o+ KFCCFE / 0,1000000E Ol, 0.1000000E Oi/
DATA KRCCFE o KFSCFE / 0,1000000€ Ol+ 0.1000000¢ 01/

— . DATA KRSCFE 4 KFPCFE _ / 0.,1000000€ Ols 0.1000000€ 01/
DATA KRPCFE o PFCCFE / 0.1000000E 01, 0.0000000/

DATA PRCCFE PEPCFE / 0.0000000, 00000000/

]

DATA PROCFE , KFCEE  / 040000000, 0.0000000/

DATA KTCFE , KACFE  / 0.00000004 0.0000000/

DATA KECFE 4 KRCFE ¢ 0.0000000 0.0000000/

0004= 00E 01 ,-0,1129999E 01

A 0.0000000,~0,8399998E 00+~041779999E 01, 00 00VIUVY
A 0.0000000, 0.0000000, 0.0000000, 0. 0000V0V/
DATA NEM lZ_Q/

DATA KPMCL,KPMS1¢KPMC2,KPMS2/40%0, /
DATA ZETAR) )GAMARL, ZETAR2GAMAR2,QMASS, QFREQ) QDAMP 4 QUAMP A4 JLNTR. /2

) 100%0,7
= DATA DOFSYM/10%0/
c
8 / 0.0000000, 0.0000000/
DATA LFTDW v LETFW / 0.0000000, 0.0000000/
DATA DRGOW + DRGVW /-0.9000000E 01, 0.0000000/

RGOMW / _049999999E 10y 040000000/

j —— DATA DRGIW ., D 0
. OATA DRGEN o AMAXW  / 0,0000000, 0.2000000€ 02/
i

& DATA MOMOW o MOMAW / 040000000y 0.1000000E 08/
B e DATA _MOMDM o MOMEW / 040000000, 0.,0000000/
B DATA SIDEB , SI1DEP / 0.1640000t 03, 0.000600007
o DATA SIDER , ROLLB / 0.0000000+ 0.3930000E 03/
AY e — DATA ROLLP. .y ROLLR._ /. _ 0,0000000, 0,0000000/

15
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ORIGINAL PAGE 18
OF POOR QUALITY

DATA ROLLA - ,

DATA AW o AR / 8+ 8888888 ;-0 72448885088/
DATA YAWA v LETAH  / 0400000004 ,AogqgoooOOI
DATA LETEHN o AMAXH / 0,0000000, 0 .0000030/
NATA IHY « LFTAV / 0,0000000 0 ,0000000/
DATA LFTRV ¢ AMAXV  / 0.0000000s 040000000/
DATA LV o FETAIL ¢ 0,0000000 0., 0000000/
DATA LMTAIL o HVTAIL  / 00000000, 00000000/

: e DATA UPTINT 7 0/ I .

e DATA ENGPOS /7 2/

“' , DATA THRTLC 7 V. 2000000E 05/ i
PDATA 1ENG ¢ 0.1000000F 02/
DATA KMASTL 7 0.3000000¢ 05/
DATA KMAST? 7 0,3000000€ 05/ ) ~
DATA KICS / 0. 30000008 04/ '
DATA KENG ¢ 043000000€ 05/

CDATA KPSOVE 72 0e0000000/ o i s s i
DATA KPGOVY 7 040000000/
DATA KPGOV2 /7 0,0000000/
_ DATA KIGOVE ¢/ 040000000/ o _

DATA KIGUVL / 0, 0000000/ ,
DATA KIGUV2 7 0. 0000000/ )
DATA TLGQVE 7 Qe2219999€ 007 . .. . . :
DATA TIGUVY /7 0.2219999E 00/
DATA TLGOV2 /7 0,2219999F 00/ L
DATA T2GUVE /7 V¢2540000£-01/ . T P
DATA T2GOVY /7 0.2540000€-01/ L
DATA T200V2 7 0.2540000£-01/ ﬁ 1
DATA GSE ! 049999998E-02/ ]
DATA GSI ¢ 0.9999998F-02/ !
DATA KEDAMP 7/ 0.1000000F 01/ !
DATA MVIR 7 O/ i)
END i ;

]
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ORIGINAL PAGE IS
OF POOR QUALITY

DLOCK DAY

CHMMIIN 9u90nraztlvlrtaot.vVFe'vthN.Runlus.sncnn.nnnnA.~0Lauh.toan-
LPQOs TOAMPC o TDAMPR y NUGC g NUGS ¢ GNAMPE ¢ GNANP S o LDAMPC ¢ LDAMPM, LDAMPR BT A 10 =
?.untlv.tlnvw.tulsrt.auvure.nrnvnnlai.uru§to.88n(lbi.GSl(St.tAJla v
JADCLAY JAMAXNS o PSTOS () ALEDSE 3D dALFERE (3) ¢ CLOSP ¢ CODSP4CMUSP sUPY AW oU
APSTLL yOPCOMP ¢ RRUDT ¢ KHLMOA ¢ KFLMDA ¢ FXLMDA ¢ FYL MDA (FMLMDA - ACTHUG KL NTH =
SoRINTE ¢KINTWR o KINTHT ¢ KINTVT o INFLOWLA) sRCGMAX ¢ NOBR ¢ RCIL o KELAP o KLAG R =
6CPLS s TSPRNG o NCOL B s NONROT g HEINGE ¢ NCOLT o KPINg PHIPH PHEPLoRPB o RPHy RPHy =
TATANKPCLO) ¢ DELAGy MBLADE ¢ EPMODE o MR MRMMASS T X ET o EFLAP o LLAGRFA 4 21 =
BAVXFAGNTINGFTOWF TCoFTR4RTOGKTE ¢ RTR¢CONE ¢DROUP ¢ SWETP ¢ FORUUP o FSWELE P =
MRA GRAF A1) yCHORDEI3O) o XACT30) ¢ XAL30) s THWISTALI0) ¢ THETZL (30) ¢ MCURKLE =

A30) yMCORRDE30) (MCORRMEIO) ¢MRIYRI(SIDaXI(SL) oXCUSL)oKP2U5L ) o MASSEOL~

Blo LTHETACSL) o GILSED 4P IXXISTI ) oET2ZU51) o FNISTIISY)

REAL NUGCHNUGS oL DANPC o LOANPMoLDAMPR K HLMDA o KEL MDA K INTHy NANTE oK INT =
IWO G RINTHY (KINTVT o KFLAP ¢ KLAG MBLADE s MASST ¢KTO K TC o KTR o MLURRL ¢MCURRD =
2oMCORRM (KPP yMASS 4 ITHETA '

éNTF?ER OPTIP L RUTATEZUPHVIA  OPUSLD ¢ OPYANSDIPSTLL ¢ OFCOMPy INFLUNs HING =

COMMON ZGIDATAZKENG yUPFWG o ITERNG EACTWG +WEMODL T2 JRINGI ) sTORENL( & -
1) o MRVIIWG s LOMNG s NDMNG L 36 ) 4 TPNGOB L 2D, QNGB . DOWGL 2)

INTEGER OPENG ¢ WGMUDL , o ,

COMMON ZWLDATAZE ACTHN o OOPVXVY o KNW o KRN o KEWo KON yRRU» FRUVPRU o FNWoUVS oL =
TLSoCORFUS) UPCORE (2D o WKMODLEL3) gOPNWS (20 o LHM OPHW OPRTS o VLLU ¢ UPHIB =
Z.MV-QDEBUG.NN.NG(*Ol.MRMNL(30)om’HKl‘N.-‘."RRN(‘"UPRNGQNN&).?uu-
ASTE2NGENGSOU? ) o RWGTLQ) oRWGST (@) ¢ RNGSOIL4)

INTEGER UPVRVY OPCURFE s NKMODL g UPNWS s UPHW 4OPR TS o UPNKB P yOPRNG

REAL KNG e KHGST e KWGSO A ) o _

COMMUN ZLLDATA/MHARML ¢ MHLUAD ¢ MALOAD ¢ MRLUOAD s RLOADE 20 ) sNPULAR ¢ NuKGMP
T0A) JMUKGMP o JWRGMP (R ) o MHARMN I3 ) ¢ MTIMENE 3D ¢ MNUISE ¢RANGECLU) oELVAINIL =

200 o AZMUTHELOD s RFATLG S SENDUR (18] yCNATEL8B) ¢ EXNAT (18) (NPLUT (TS ) yaRS(3=

MO, OPNOLS ()
INTEGER UPNOLS

DATA TITLE  /80HABC TFCHNOLUGY DEMONSTRATOR == UPPER ROTUR
A /

DATA TYPL  /QNUPR /7 ,

DATA VTIPN  , RADIUS 7 0.8500000€ 03, O.180000VE 07/
DATA SIGMA 4 GAMMA 7 0.1270999F 00, 0.STT1399€ 01/
DATA NOLAUE /7 3/

DATA TOAMPO, TDAMPC o TDAMPR ¢ NUGC ¢ NUGS ¢ GDAMPC y GDAMPS o DAMPL s LOANB M, LD
LAMPRZ9®0 44147

DATA BTIP 7 0,9799998E 00/

DATA UPTIP o LINTW /7 1y W/

DATA TWISTL /=0.%110000 01/

DATA ROTATE /7 -1/

TETY TR eRY
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ORIGINAL PAGE 19
OF POOR QUALITY

DATA OBt
YA BRUMLD 1 e MV
L KR KL 45V eV e o e e e e :
DATA TAU /=0, 1000000€ OL¢=0,1000000€ 01s=-0.1300000¢ UL7
gA?a :gfsgvALéDgnatngﬁ, ’13'15°?g°95 02, 044000000 01/
. k25 PS10S, s AL 6%15,43%12,/ , A
DATA CLDSP ¢ CDDS 7 042000000 014 000000007
DATA CMDSP  /=0.6%000008 00/
DATA OPYAW o OPSTLL ¢/ 0¢ 1/
DATA OPCOMB™ 1/
DATA RROOT 4 KHLMDA / 0,1999999¢ 00, 0.1150000f 01/
DATA KFLMDA o FXLMOA _ / 0.1499999E 01, 0.3000000€ 01/
DATA FYLMDA 'y FMLMDA ~ /7 0,2000000€ 01y O.2000000F 917
DATA FACTWU ¢ KINTH / 0.,%5000000E 00, 0.1199999¢ 01/ |
— ..DATA_KINTF_ o KINTWB 7/ 0,8999997E 00, 0.0000000/ i
DATA KINTHT -, KINTVT ™ 7 0,0000000, 000000007
DATA INFLOW ¢/ | ) 3 0, 0, O a/
DATA RGMAX _ / 041999999¢ 00/ . ;
DATA NOPByRCPL,KFLAPyKLAGyRCPLS ¢ TSPRNG/0¢ e +4%0¢/7
DATA NCOLB 4 NONROT /7 4y 1/ 1
' —DATA HINGE __ o NCOLT / 1y 2/
: DATA KPIN /7 1/ !
DATA PHIPHyPHIPL yRPB¢RPH¢XPHyATANKP/15%04/ i [

ﬁa — DATA DELIG o MBLADE _ ¢/ 0,00000004=0 1000000F 01/ :
DATA EPMODE / 0.100N000E 01/ f
DATA MR8 . MRM / 40, 50/ !
—__DAYA MASST _ , XIt l 00000000, 040000000/ |
DATA EELAP o ELAG / 0.9199995E~-01, 0,9199995E=01/ i
DATA RFA v 2FA / 0.5000000£=01, 00000000/ i
____DATA XFA i 0,0000000/ /
DATA WTIN /7 2/ ]
DATA FTO v FTC / 0.4500000€ Ol, 0.4500000f 01/ ! ;
DATA ETR + K10/ _0,4500000F 01, 040000000/ y
DATA KTC v KTR / 0.0000000¢ 0.0000000/ J 1

DATA CONE,DROCP, SNEEP o FDRUDP yFSWEEP/3444%0,/ j
___DATA MRA /2 1S/ e —_— o N u i
DATA RAE/02106390439065390¢600689eT1gaT590794082, 850889090 009@9e91 !f ']
11e915%0./ ! b
____DATA CHORD _ /_049582996E=01¢ 0.8704996£-014 048092999E=01, !? {
A 0.7639998E~01y 0.7293999E=01, 0.7000998E-01y 0.6761998E-01, i
A 0,6548995F=01y 04636199TE=01y 0.6203000E-014 046043000t=U1,
- A_Qe5883000€-01y 0,5723000E~01, 005564000E=01y Uy 5404000L=01415¢Vs/
DATA TWISTA 7 0,4399998E Oly 0,3619999E 01y 02659999k Ol+
A 0.,1919999¢ 01, 0.,1320000E Oly O,7699998E 00y 0¢2499999t VU,
A-042499999E 00y =U+6899998E 009-0.1030000E 01,-0,1679999L ULy

e e AR e e e mzes
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AYA_MB
DATA RI / 0.0000000¢ 049199995E=01+¢
A 0.1149999E 00, 0.1151000E 00, 0.1389999€ 00y

A 0,7369999E 00, 0.7370999E 00, 0.7999997E 00+
89999 00, 0.9729999E 00
Ale27¢04/

DATA X1yXC/102%0./

E=04,27%0,¢

“mmm&mgwmmmmmmmmmmwﬂwww

09209996E=Ul ¢

0.1391000 OUy
062999999¢ V0

021619999 00, 041621000 004 0.2300000E 00,
A 0.3999999€ 00, 0,4999998E 00, 08999998E 00y 0.6999997E V04
0,8999997E Uy
069730999 Uy

DATA_KP2 {_043899998E-04 0.3899998E=-04¢ 0,1699999E~-03 ¢

A 0,2079999E~-03, 1¢1749999€=03¢ 0419 9999E-03y 04161999 E=03y
A 0.1789999E~03 0.2039999E-03, 062469998E-03y 02619997 =03

BE-~03s 0.2459998E-03, 0. 429999E-03, 0.2569996E-03,
A 0,2659997E~03, 0.1769999E-03, 041639999F-03, 0.1339999E~U3,
A 0,1209999E-03y 043799997E-04, 04339999TE-04¢ 042799998E-U4

DATA MASS / 003617799€ Oly 0361 TT99E OLl¢ 08204999t UV
A 0.6712999¢ 004 0.6712999E 00y 0.6119999E 00, 0.6119999E 00,
5519999E 004 004379999 00 063431999E 009

E_00
A 0.2531999E 00y 042016000 00 0,14880006 00y 0e1152000E VU
A 0.10440008 00, 0.1565999€E 00y 0,1452000E 00, 0.126T989E 00
043803999E 00y 003803999E 00, 0.4624999E UV,

A 0.4624999E 00427%0./

A 002020000E~01, 0+1610000E=-01, 0.1170000E~01,
A 0+4699998E~02, 0.4699998E-02 0.419999TE-02¢
A 0.41999975‘02027‘00/

Gd [/ 0.47

A 0.2860000& 0Ty 042860000E 07, 0.1528000E 07y
A 0.5400000E 0bs 0.2600000E 06, 0.1100000E 06+

A 0.5000000E 05 0,5000000€ 05 0,4000000F 05+
A 0.2100000€ 05, 0.2100000E 05, 0.2090000E 05,
BO0Q0E 05927%0s/

A 0.437S000E 07y 0.4375000E 07+ 043860000 07
A 0,3400000E 07, 0.3400000E 074 0.2740000€ 07,

DATA ITHETA / 044529999E-01y 0.4529999E-01, 04452999%E-Uly

_ﬂ__,_A_QJAEZSQESE_Ql;_Qg33992395-0;, 043809999€-01, 0.3210000E=-V1
A 0,3210000€-01, 0.3650000E-014 0.3500000E-01, 0.2910000E-01

049599999E-02

-02y 0¢5499996E~-02

A 0.8999996E-02¢ 0,8999996E~02y 0.7699996E ) '

0.4199997E~U2

0,4784700€ 07, 0.4784700E 07y 0.,4784700E UT4
A 0.4210000E 074 0+4210000E 07, 0¢3500000E 074 04 3500000€ 07

0.1040000t 0T,
Ce.600000VE U5+

0+ 2200000E U5

04209000VE U5y

_—-—“——-——-““"“"“—"_"'—"‘_—‘_T -
DATA EIXX / 0.5972200€ 0Ty 0.5972200€ 07y 0.5972200t VT

0.3860000E U7,
0,2230000E 07,

A 0.17700006 07, 0.1500000E 0T, 0.1250000E 0T,
A 0,8800000E 06, 0.8800000E 064 0. 7300000€ 064
. A 0e4600000E 06 0,4600000E_0by 0,4200000E 06,

0.9800000E VL6
0.5000000E 06+
0+ 4200000E V6
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A 0,380900 274047 - T
DhtA e T oo 0F 04+3759%%000¢ 07y 0459720006 07, 0.59720006 U7,

____,__A”n;gagQggggmgllmg&gééggggg ; g.QSQOOOQE 07, 0435400006 07,
[

A 0,2880000E 07, 0,2880000E 07 16T0000E 074 041080000E 07,
A 0.6800000E 064 0.4100000E 064 042400000 064 0.1500000€ 06,

A 00 14 00000F 08 0,%300000@ 0 «1100000E 064 0s9000Q00E U5,
A 0,8000000E 08y 0.8000GOOE 0S4 0,7000000E 09, 0470 E U5,

A 0.5560000€ 05,27%0,/

WiSY 0+ 6000000€ 01y 0.5479999E 01, 0.5479999¢ 0i
A 0,529999TE Oly 0.5299997E Oly 0,5099998E Oly 0.5099998E 01y
A 0,4919998E 01y 0,4919998E 01y 0,4519999€ Ol, 0.4029999E Ul

A _003349998F 01y 042489999E Ole 001599999 Ols 0.5899999E 00
A 0.1799999E 00y 041799999E 00+~0,6199998E 00¢=0¢227T9999E Ol
A=0,2889999E 01,~0,2889999E 01,~043449999E 01 4~0.3449959E 01,
A-0,3999999€ 01,27¢0,/

DATA KFWG / 48/

oo

DATA_QPFWG 7 1/

DATA ITERWG /7 2/

Ik Hthe | o, uose o

D *

DATA RTWG !/ 0.9999996E-01, 0,4000000E 00/

DATA COREWG / 044999999E~01 0.4999999E-014+-04,1000000& U1,

A _-0,1000000F 01/

DATA MRVBWG / 2/
DATA LDMKG /7 12/
DATA_NDMWG/ 3%6 ,6%3,6%6,6%3,3%6,12#0/

DATA IPWGDB / &4 6/

DATA QNGDB /7 049999996E-01/

DATA DQWG /_0¢4999998E-03, 0.4999998E-03/

DATA FACTWN / 042999999¢ 00/

DAYA_OPVXVY / 1/

DATA KNW /7 2/

DATA KRW / &/

DATA KFW / 48/

DATA KDW / a8/

DATA RRU / 0.8000000¢ 00/

DATA _ERU / 0.8000000E 00/

DATA PRU / 049000000 02/

DATA FNW / 0.8000000€ 00/
— e DATA OVS ____/ 069999996E~-01/

DATA DLS /-041000000E 01/

DATA CORE / 044999996E-01¢ 0s4999999E=01y 0s4999999L=01,
A . =0a1000000E 01,-0,1000000E 01/




DATA
DAYA

DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
OATA
DATA
DATA
DATA
DATA
DATA

_ DATA
DATA

DATA
DATA
DATA
DATA

DATA.

DATA
DATA
DATA
DATA
DATA
END

MHARML

OPCORE
WKMNOML /71

OPNWS
LHW

PN
OPRYS
VELD
OPHLB
Dev_
QDEBUG
MRGyNG/1
MRL oNL/1L
oPuRaP
KRWG
OPRNG
FHG Y FWG

MHLOAD
MALOAD
MRLUAD
NPOLAR
NWKGMP
MWKGMP
JWKGMP
MNU1TSE

KEATIG _ /
SENDUR 4 CMAT

NPLOT/4e

X4

NSNS NNNNNN
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AFFENDIX D OF POOR QUALITY
ABC LIFT AND DRAG CHARAGTERISTICS

This appondix summarizes the lift and drag ddta for the ABC extrdeted from
a number of voforences. The acrodynamic charactaristics of the ABC demonstrator
wore taken from rofdronces 9 and 18, Beveral different trending relations wora
also investigated to estimato the variation of ABC rotor hub drag with sizc.

The ABC domonatrator ailrcrdft 1ift and moment charactoristics are shownh in
table 4. Basod on the data in table 4, the following modol of the airframc acro-
dynamics was used for the caleculationss

L/q = Lu/q(a + 1) = 288, (o - 2.6)
M/q = Mo/q + Ma/q(a + 1) = =109, - 2206, (a - 2.6)
Lyp/a = @

Note that the horizontal tail was held fixed, and fuselage and tail represented as
a unit in this study. The drag of the ABC demionstrator aircraft was based on the
data of reference 10. Table 5 compares the full scale data of reference 10 with

a reduced scale test. Table 5 also presents the drag increments for removal of the

ABC demonstrator rotor instrumentation can and for various hub and shaft fairing
combinations. Table 6 presents an estimated drag breakdown for the ABC detionstra-
tor., Variation of drag with angle of attack is shown iu figure 22, The corre-
sponding 1lift variation is approximately

L/q = =4.0 + 5.2a ft2 = =,37 + .48a m?
The flight test data shows a = 5° for speeds from 160 to 230 knots.

The variation of rotor hub drag with size was predicted using the methodology
of reference 12 combined with several trending relations developed for preliminary
design applications. Rotor hub and shaft drag can be reasondably approximated by

fhub+shaft = CDAf

where
= - 2 2
Cp = 1.35(.582 + .376 A, - .§66 A2)(A; in. m?)
= 1.35(.582 + .0349 A, - POpS57 A%)(Af in, £t2)

Rotor hub and shaft frontal atea A, was approximated by two different trending
relations. Either method provides reasonable results. Both methods are compared
in fipure 23. The first method of trending frontal area was based on transmission
power rating and was developed for the Applied Technology Laboratory preliminary
design code PDP. The trend was adjusted to pass through the ABC demonstrator
point and maintain the same variation as conventional rotors with transmission
rating. Hence the conventional rotor trend line

A = .PA7503 * HPTRA*S75° 2 = ,@8P76 * HPTRA*5759 ft2

is extrapolated to the ABC trend line

24
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TABLE 2,~ CONTROL LAWS

ORIGINAL PACT 113
OF POOR QUALITY

Colleetive Control 09
npifferential collective control A8p
Longitudinal control Ay
Differential longitudinal control A;
Lateral control By
Differential lateral control B}
Upper rotor blade featharing eu
Lower rotor blade feathering eL

%(Oou + 091.)
%'(Oou - 0oy}
%;(Aw + A1)
L - A
%(Bw - Byy)
%(Bw + Byp)
(80 + ABg)

- (A +AD
- (B, + B}
(69 = 40¢)

- (A) = AD

+ (B - Bi)

cos (wu + )

sin (wu + 1)

cos (¢, + 1)

sin (wL + 1)

s e et B+ et B~
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OF POOR QUALITY

TARLE 3.~ ANALYSTS SYMBOI, DEFINITIONS IN TERMS OF THE ABC CONTRO! LAWS

Analysis aymbol ARC control law  Computar input symbol
So 0p COLL ,
& -A0g PEDAL .
8¢ -8y LATCYC ‘
' . |
§g. Ay LNGCYC |
Mg 90 - T PCCFE J
Abg r - 90 PSCFE z |
(ol%) A} cos I' = B} sin T CNTRLZ(5) |
’ |
()wu) "Ai cog I = B; gin I' CNITRLZ(2) % j
2 §
(\13[) -A! sin T - B cos T CNTRLZ (6) }g :
‘z o
(ngl,) Al sin T - B) cos T CNTRLZ (3) S
* i
i
Ky 1.0 KWCFE L
K, 1.0 KCCFE | 1
i \
Ky 1.0 KSCFE ’,‘ 1
(0 o,) 0. CNTRLZ (4) -
4 z :‘ ‘3
(0 nl,) 0. CNTRLZ (1) :
& i
'i
1
1
i
28 :
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OF POOR QUALITY

TABLE 4.~ ABC DEMONSTRATOR AIRCRAFT AERODYNAMICS

(2)

CMG(Z'S)
La/q

Ma/q

i (L =0 at
a = ~1)

CM at o =20
-(Ma/q)i

Notes

(1) itail =

with tatlPyichour tail

Tail delta
0.283 0,115
-0,0602 0.0344
26.8 m? 10.9 m? 15.9 m?
288, ft2 117, g£t2 171, £¢2¢3)
~62,47 m3 35,71 md -98,17 m3
-2206.  ££3 1261, ££3  -3467. £¢3(4)
-2,6° -7.0°(6)
0. 0.
~2,83 m3 -4,36 m3
-100. ft3 -154, f£¢3

(2) Reference area = 94.56 m? = 1017.9 ft2 (full scale)

(3) Reference length = 10.97 m = 36.0 ft (full scale)

(4) Effective tail length = 6.19 m = 20,3 ft; geometric. tail
length = 6,34 m = 20,8 ft,

(5) Horizontal tail area = 5,51 m2 = 60. ft2:

Cr, = 2.85

(6) Effective incidence of horizontal tail = 0.4°

(7) Elevator locked for all auxiliary propulsion testing

29
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ORIGINAL PAGE IS
TABLE 5.~ XH-59A DRAG SUMMARY OF POOR QUALITY

Drag/q increment relative baseline

baseline £ = 1,539 m? = 16,57 ft? at 120 knots
bageline £ = 1,550 m? = 16,68 ft2 at 180 kiots

Configuration rotor off, hubs rotating rotor on
1/5~scale full scale full scale €ull scale
143 knots 120 knots 180 knots 142 knots
m2 £t2 m? fr2 m2 £t m? £t2
Baseline 0 o) 0 0 0 0 0 0

unfaired hubs
instru. can on

Unfaired hubs  ~.146 -1.57¢1) <137 -1.47  -.162 -1.74 - -(2)
unfaired shaft
no instr., can

Faired hubs ~.208 =2.24  ~-.180 -1.94  =.224 =2.41 - -
unfaired shaft

Faired hubs -127 =1.37 =165 -1.78  =-.191 =2.06 =121 -1.30¥
faired shaft

skewed shaft

falring

3)

Faired hubs —228 -2.45  -.266 -2.86® -.202 -3.14® _.221 -2.38¢3®)

faired shaft

Notes
(1) Full scale increment for instrumentation can drag used for comparison.
(2) Configuration not tested.

(3) Configuration not tested; 1/5-scale increment for fairing skew drag used for
comparisons,

(4) Less drag reduction if variations in the rotor operating condition are taken
lnto account.
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TABLE 6.= ARG DEMONSTRATOR RSTIMATED PARASITE DRAG BRFEAKDOWN

Fusclage

Rotor pylon and nacelles
Jet onginos

Empennago

Rotor hubs and shaft
Instrumentation

Momontum Josses

Total

n® {3
187 2.01
083 0.89
77 1.90
.088 0.95
690 7.43
199 2,14
126 _1.36
1.550 16,68

ORIGINU. 14w 4
Of POOR QUALITY
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v =270 Y =90

(a) Upper rotor, uniform inflow.

Figure l.- ABC demonstrator rotor calculated angle of attack distribution, . = 0.53.
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=180

(b) Upper rotor, nonuniform inflow.

Figure 1.~ Continued.
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V=180

N |

i

i

i

Y =270 Y =80

!
?
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{
?
;
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y=0 }
|
(¢) Lower rotor, uniform inflow. o
Figure 1.~ Continued. §
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Y = 270

ORIGIMAL PAGE 1
OF POOR QUALITY

V=18
Sl

(d) Lower rotor, nonuniform inflow.

Figure 1.- Concluded.
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w———— ABC DEMO (REF. 6)

1l - = WINDTUNNEL TEST ROTOR

| (REF, 6)
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Filgure 2o= ABC rotor configurations.,
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ORIGINAL PAGE 13

= = = CALCULATED OF POOR QUALITY

5 -
100 150 200 250
V, knots

Figure 3.- ABC demonstrator level flight pcrformance.

77772 FLIGHT TEST

— — — CALCULATED /
v
5 ~N e
\ S — a— /
0 i 1 ]
100 160 200 250

V, knots

Figure 4.~ ABC demonstrator trim attitudes.
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O FLIGHT TEST DATA OF POOR QUALITY

(3 CALCULATION ~ aéw 2,

VARYING TRIM CONDITIONS o g

—— SIKOREKY AIRCRAFT TRENDS ',
ar '
3,3
2,3
a2t 1,3
d
[T
(=]
o
Saf
§ q 4 . |
0 4 8

2 . .
ADVANCE RATIO

Figure 5.~ ABC demonstrator rotor 1ift offset.
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CALCULATED 0 012 2
e o o= €y J0 = 0.10, B} = 2 ¢ 0.10 8
— 1 e Cy [0 =012,8)=2° A 012 8
10, s = C o = 0,10, B'|=8° O 0.16 8
8+
ag = -8° -4° o
[ Npl) e ——— ] A ., 0
D
e & v
4 1 | A 1 A 1 . | g
-.008 -,.004 0 .004 .008 012 .016 .020 .024

CD/n
Figurc 6.~ Wind tumnel test correlation, u = 0.47.
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10 PN OF POOR QU{\L!'{V
CL/O Bi
© 010 2
8r 0 012 2
o016 2 TEST
A 048 2 A
® + SYMBOLS AREBj =6

8 [ . symeoLsanegj=s

. CALCULATION

(4
2 1 1 : i 1 1 q ]
0 .004 .008 012 016 020 024 .028
CD/U

Figure 7.~ Wind tunnel test correlation, u = 0.70.
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TEST
CL/O
8k o 0.10
o 0 012
=) O 016
- 6l A 018
e == CALCULATED
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Figurce 8.~ Wind tunnel test correlation, u = 0,91,
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Figure 11.- Wind tunnel test correclation, u = 0,91,
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Flgure 12.- ABU rotor operating conditions.
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CALCULATIONS
ABC DEMO
—— VX
e+ wmee SIKORSKY ESTIMATE FOR JVX TYPE ROTOR
s JVX - UNIFORM INFLOW
O  ABCDOEMO -- OPTIMUMC, /o, u
0  JvX - ABC DEMO AIRFOILS

FLIGHT TEST
IR ABC DEMO

1

14
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0 1 L 1 1 1 i J

120 140 160 180 200 220 240 260
V, knots

Figure 13,- ABC rotor performmee as a function of speed,
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ABC DEMO
—— VX
= S|KORSKY ESTIMATE FOR JVX TYPE ROTOR
— o e JYX ~ UNIFORM INFLOW

oo JVX — ABC DEMO AIRFOILS

77N

| 1 ] ]
.05 10 15 .20
Cylu

Figure l4.- ABC rotor performance as a function of lift at u = 0.85, My = 0.85,

ag = 0,
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10F
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Ctlo

Figure 15.- Advanced ABC rotor performance at p = 0.47 and u = 0.85
(Mp = 0.85, ag = 0, B} = 2°).
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Figure 16,~ Effect of

DA A e Ml

twist on advanced ABC rotor performance (u = 0.85, My = 0,85,

Qs s 09 B; = 20)'
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Figure 18.- ABC demonstrator isolated rotor hover performance.
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Figure 19.- Calculated isolated rotor hover performance for advanced ABC rotor design.
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e ABC DEMO (FLIGHT TEST FAIRING)
) B0 eme = ABC ADVANCED ROTOR (SIKORSKY)
g e JVX ESTIMATE (A7006)
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Figure 20.- Comparison of isolated rotor hover performance of ABC demonstrator and ]
advanced ABC rotor design. ;
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(a) Collective rigging. ]
!
v Figure 21.- ABC demonstrator aircraft control rigging. {
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i A [ i ]
0 20 40 60 80 100
LONGITUDINAL CONTROL, %

(b) Average longitudinal rigging.

Figure 21,- Continued.
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|
20 40 60 80
LONGITUDINAL CONTROL, %

(¢) Longitudinal rigging.

Figure 21,- Continued.
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LATERAL CONTROL, %

(d) Average lateral rigging.

Figure 21.- Continued.
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(e) Lateral rigging.

Figure 21.- Continued.
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(f) Differential collective rigging.

Figure 21.- Continued.
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() Differcntial longitudinal rigging.

Figure 21.- Concinuéd. i
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Figure 21.= Continued. f %
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(1) DPifferential collective trim rigging.

Figure 21.,~ Continued.
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(1) Rudder rigging,

Figure 2l.= Concluded.
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Figure 22.- ABC drag variation with angle-of-attack (wind tunnel test results, from : ;
reference 10), '
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